We use mean-variance analysis with short selling constraints to diagnose the effects of the recent global financial crisis by evaluating the potential benefits of international diversification in the search for 'safe havens'. We use stock index data for a sample of developed, advanced-emerging and emerging countries. 'Text-book' results are obtained for the pre-crisis analysis with the optimal portfolio for any risk-averse investor being obtained as the tangency portfolio of the All-Country portfolio frontier. During the crisis there is a disjunction between bank lending and stock markets revealed by negative average returns and an absence of any empirical Capital Market Line. Israel and Colombia emerge as the safest havens for any investor during the crisis. For Israel this may reflect the protection afforded by special trade links and diaspora support, while for Colombia we speculate that this reveals the impact on world financial markets of the demand for cocaine.
INTRODUCTION
The potential benefits arising from international portfolio diversification are well documented in the financial literature. However, an issue of fundamental importance to investors everywhere, and particularly so at times of global crisis, is how diversification may also include investment in 'safe havens'. Traditionally, times of crisis have induced flight into gold in particular and precious commodities in general but there may also be potential for investment in particular economies (countries). Unfortunately, at times of crisis both the international co-movement between stock markets and the prices of safe haven assets may increase rapidly, potentially making any 'flight to safety' either expensive or ineffective. An extremely interesting question therefore is whether there are any economic characteristics of safe havens that could allow them to be identified prior to a crisis -for example, safe haven countries could be those with either income inelastic international demand for specific exports or protected markets for exports in general. The contribution of this paper is to add to the debate on international diversification by using mean-variance analysis in a novel way to identify countries whose stock markets provided potential safe havens during the recent global financial crisis. The results are somewhat unexpected and potentially raise policy issues of considerable importance -Colombia emerges as the 'safest haven' by a very wide margin among the countries sampled, followed at some distance by Israel.
The paper is organised as follows: a review of the literature and the context of international portfolio diversification is given in the next section; the mean-variance methodology and the data sample are discussed in sections 2 and 3; the results and their implications are reviewed in section 4 for the pre-crisis and crisis periods respectively; the implications of the crisis period results are discussed in section 5; section 6 provides a brief overview of the paper and concluding remarks.
SAFE HAVENS AND PORTFOLIO DIVERSIFICATION
Early work on international diversification (Levy and Sarnat, 1970; Solnik, 1974) focused on the existence and degree of potential benefits from exploiting low cross-country correlations between asset returns through diversification suggested by the Mean-Variance model of Markowitz (1952) . Later debate was more concerned with the stability of diversification benefits and on 'country' and 'industry' effects as sources for those benefits. The early emerging consensus was that country effects were generally the stronger (Heston and Rouwenhorst, 1994 , and related later works) but it has more recently been asserted that diversification benefits tend to be unstable over time and reduced by the globalisation of financial markets (Shawky, Kuenzel and Mikhail, 1997; Quinn and Voth, 2008; Tavares, 2009; Hyde, Bredin and Nguyen, 2007) and that industry diversification has become increasingly important, especially during times of crisis when country effects are weakest (Phylaktis and Xia, 2009) . Other developments of the diversification literature have addressed estimation errors, the sensitivity of mean-variance optimisation results to small variations in inputs and more sophisticated estimation of mean-variance inputs (DeMiguel, Garlappi and Uppal, 2009 ). The latter conclude that the out-of-sample performance of mean-variance optimisation is generally no better than naïve diversification, even when procedures designed to reduce estimation error are used. For our purposes there are other findings in the literature that are particularly interesting. Erb, Harvey and Viskanta, (1994) find that correlations between countries are highest when countries are in recession and lowest when in expansion, while Solnik (1995, 2001 ) find higher correlations between countries at times of higher volatility, with lower correlations in particular during bear markets. Hyde, Bredin and Nguyen, (2007) , using data for 1991 to 2006, examine the asymmetric response of conditional correlations and variances to positive and negative returns. They find in particular that while conditional correlations (US$ denominated returns) have generally increased over time, providing evidence of increasing financial integration, they were also higher between crisis-hit Asian -Pacific markets during the Asian financial crisis and peaked between these markets and the European Union and the United States (EU/US) during the 2000-2003 bear market. In other words, diversification benefits may be lowest just when they are most needed, especially when recession is severe and/or globalised, as has been the case recently. This concern leads to two questions that we have asked in the context of mean-variance analysis: (i) were there benefits to international diversification during the recent financial crisis, and (ii) have there been any countries ('safe havens') that have provided diversification benefits in particular?
We argue that a 'safe haven' is an asset that provides a store of value at times of falling asset prices. A classic example is gold, whose London Bullion Market quoted price rose from £322.264 per ounce on July 8, 2007 (at the pre-crisis peak of the FTSE100 1 ) to £686.822 on February 8, 2010 while the FTSE100 fell from 6690.12 to 5092.33. More generally, returns to a 'safe haven' asset will have low correlation with those of other assets in an investor's portfolio (for example, the monthly returns to Gold, denominated in £, show a correlation of -.3984 with the FTSE100 over the period given). With respect to international diversification, a country may represent a store of value if its equity returns (priced in a common currency) show low correlations with those of other countries. It is therefore important to know why such correlations are low. One possible explanation could be that, despite trends towards financial integration, international investors face barriers to stock market investment (although in this case the country might not be an accessible 'safe haven'). Alternatively, a low-correlation country could be one for which GDP and export earnings are poorly correlated with the business cycles of other countries (aggregate consumption in particular). This suggests that there could be relatively low international demand elasticity for the exports of a 'safe haven' with respect to global consumptionwhich could be the case for any type of protected trade. Since products differ in their income elasticity of demand, it is possible that particular industries could represent safe havens when stock markets are in recession. However, here we look for safe haven countries, with the general expectation that these could be any or all of: (i) dominated by a single 'safe haven' industry (ii) protected by preferential trading arrangements, or (iii) less well integrated with the increasingly globalised world economy.
Mean-variance analysis has a noticeably different application here to those that are generally seen in the literature, in that we do not attempt to forecast out-of-sample optimal portfolio weights or estimate weights for use in future investment portfolios but instead characterise international investment opportunities during the recent crisis (indeed, we suspect that forecasts based on any crisis sample would be vacuous). Forecasting errors and the accuracy of optimisation-based investment strategies are therefore not at issue.
Using a sample of developed, advanced-emerging and emerging stock markets, we find a strong contrast in the optimal investment opportunity sets for the pre-crisis and crisis periods. We observe a clear disjunction between investment opportunities and capital markets during the crisis period, as expected. However, unexpectedly, the efficient portfolio frontier collapses to just two countries, Colombia and Israel.
METHODOLOGY
International diversification in a mean-variance framework is a matter of choosing optimal country weights to minimise a portfolio variance subject to achieving a target expected return, with standard constraints on the asset weights.
Here x is a vector of n asset weights (proportions of wealth invested in each country index, n j  1  ), i is a unit vector, V is the covariance matrix of the monthly country index returns, R is a vector of mean returns to the country indices and E is the average portfolio return desired by the investor. The non-negativity constraint 0  j x prohibits short-selling of risky assets (this is realistic, since it is not possible for investors to engage in unlimited short selling of equity indices). An analytic solution to this problem is found by applying the well known Kuhn-Tucker conditions (which need not be stated here).
Numerical solutions were obtained by using the Generalized Reduced Gradient algorithm (Lasdon, Waren, Jain and Rather, 1978) embodied in commercial software (Fylstra, Lasdon, Watson and Waren, , 1998) .
Optimal portfolio weights x of risky assets in the presence of a risk-free asset are identified through the Sharpe ratio 2 of the tangency portfolio:
DATA
We use a sample of developed countries with the addition of countries that could reasonably satisfy the 'safe haven' characteristics outlined above. Since demand for oil is strongly pro-cyclical it is unlikely that oil-producing countries would in general qualify as safe havens and these were excluded. No other countries with available equity market indices appear to be dominated by a single product (except that Colombia has a large black economy in cocaine). Israel was chosen because of its special trading arrangements with various countries (including both EU and US). No other countries appear to have such strong preferential trading status with large developed economies. Sub-Saharan African countries (with the exception of South Africa) were excluded on the grounds of their potential for political and military instability. A sample of other developing countries was chosen because the cross-country correlation of their stock returns is generally lower than is the case for developed countries, despite increasing in recent years and varying with market conditions (Hyde, Bredin and Nguyen, 2007) .
To be included market index returns had to be available in $US. Data were collected Table 1 . Mean returns and their standard deviations for each sample group are shown in Table 2 .
During both periods the ranking of risk is the same for the sample groups: developed countries overall have the lowest standard deviation and emerging countries the highest.
Developed countries also show the lowest overall return in both periods. For individual countries, in the pre-crisis period, returns range from 4.69% for Egypt to 0.74% for the US, while risk ranges from 2.54% for the US to 9.87% for Columbia. During the crisis, returns range from -.04% for Colombia to -7.54% for Ireland, while risk ranges from 6.12% for Japan to 17.7% for India.
Every country has negative returns in the crisis period, falling from a monthly average of 2.26% pre-crisis to -3.19%, revealing the enormous pressure of the crisis on the global economy. In the crisis period Columbia has the highest mean return by a very large margin and a relatively low level of risk (6th lowest out of 31), followed at a distance by Israel with the second-highest return and the second-lowest risk. The US, unsurprisingly, performs badly in this period with a mean monthly loss of -3%. Disaggregated data (not shown) reveal that from September 2008 the mean monthly return for the US plummets to The 3-month US Treasury Bill was chosen as a risk-free asset, used to identify Sharpe ratios (giving the empirical capital market line and optimal portfolio for each portfolio frontier). The risk-free rate at the beginning of each period was chosen for this purpose, since in a static mean-variance model the investor makes once-and-for-all investment choices (including borrowing and lending) at the beginning of the investment period. Data were collected from The Board of Governors of the Federal Reserve System and converted to one-month rates of 0.8% (pre-crisis) and 3.8% (crisis).
RESULTS

Pre-Crisis Results
The gains from international portfolio diversification in the pre-crisis period are displayed in Figure 1 and Table 3 . Note that the US is depicted as a mean-variance reference point in Figure 1 . In Table 3 the optimal portfolios of risky assets are ranked according to their Sharpe ratios.
As expected, Figure 1 and Table 3 show that the pre-crisis gains from international diversification are maximized by choosing from the widest sample of countries -the AllCountry optimal portfolio has the highest Sharpe ratio. Note that the Sharpe ratio (the capital market line) is shown only for the All-Country sample in Figure 1 . Analogous lines for the subsamples are excluded for reasons of clarity. 1. The US point provides the risk-return combination for the US equity index.
2. Portfolio P is the optimal risky portfolio for diversification over all countries.
3. The solid line is an empirical capital market line depicting the efficient frontier for all-country diversification, with a slope equal to the Sharpe ratio of portfolio P (the all-country Sharpe ratio).
4. Efficient frontiers for sub-sample diversification are not shown for reasons of clarity, but the relevant Sharpe ratios are shown in Table 3 . The short selling constraint means that only 7 of the 31 countries sampled were assigned positive weights for this optimal portfolio. This may seem a small number but it is not an unusual finding when short selling is restricted and a few indices are dominant. In the case of unrestricted short selling, all countries would be represented in every optimal portfolio, but the short selling constraint removes all negatively weighted indices and creates 'corner portfolios' on the frontier (where the number of included indices may jump by an integer). Table 4 displays these countries and their investment weights in the optimal portfolio while Table 5 shows the correlation matrix of the index returns. In view of the crisis period results (to be discussed below) it is interesting that Colombia has no weight in the pre-crisis optimal portfolio. Prior to the crisis, Colombia was the most risky country and offered little scope for diversification, but the collapse of other stock markets and increase in co-movement was apparently less marked for Colombia during the crisis. Hence Colombia emerges as a safe haven in the crisis but not as a safe haven in general.
It should also be remembered that the short-selling constraint was applied to the optimisation procedure so as to inject a degree of realism into the results. While unrestricted short selling would lead to very different weights it is highly unlikely that any of the resulting negative portfolio weights would be actually achievable.
We note that the US is excluded from the optimal portfolio of the All-Country frontier. This can be attributed to a low US average return (0.7%) and high correlations between the US and almost every country in the sample. Hence, despite the low risk accruing to US investment in the pre-crisis period, the inclusion of the US appears neither to increase the return nor reduce the risk of the optimal portfolio. The gains from international diversification are therefore very large for a US investor, with a potential increase of 181% in return per unit of risk made available by shifting from domestic investment (Sharpe ratio of 0.26) to the All-Country optimal portfolio (Sharpe Ratio of 0.73). Interestingly, the diversified portfolio of emerging market indices outperforms the internationally diversified portfolio for both the developed and advanced-emerging subsamples. Hence it is clear that in the pre-financial crisis period the potential gains arising from investment in emerging countries were substantial.
Crisis Period Results
The pattern of unconditional cross-country correlations between monthly returns confirms the observations of other writers. The full correlation tables are too large to be displayed here but we can report that the average pre-crisis correlation of 0.475 (all 31 countries) rises to 0.694 for the crisis period. It is clear that developed countries experienced the worst effects of the financial crisis, since the efficient frontier for these countries lies below all the other efficient frontiers. Furthermore, the US mean-variance point lies well below the developed country efficient frontier (considering the role of the US in the financial crisis this is unsurprising).
The slight kink in the All-Country frontier is a product of the short-selling constraint and reflects a jump from two to three indices with positive weights. Notably, Colombia has the highest mean return. 1. A US investor would definitely prefer to invest in the 'Better' quadrant, such as at the all-country frontier portfolio indicated, rather than in a purely domestic portfolio, but could also choose an all-country frontier portfolio from the 'Undecided' quadrant, depending on their degree of risk aversion.
2.
A similar quadrant analysis can be preformed for an investor from any other country.
In Figure 3 it is evident that segments of every efficient frontier lie in the 'Better'
(lower risk and higher return) quadrant with respect to a US investor. The exact position of an optimal portfolio for a given investor is determined by their degree of risk aversion but clearly it lies on the All-Country efficient frontier -a potential optimal portfolio is shown that has a 74% weighting on Colombia and a 26% weighting on Israel (depending on risk aversion, an optimal portfolio of risky assets in the 'Undecided' quadrant is also possible).
Evidently there are gains from international diversification during the crisis, even though investment returns are negative.
Applying a similar analysis for a Colombian investor (not shown in the figure) would reveal that there is no necessary gain from international diversification since all efficient frontiers lie in the 'Undecided' or 'Worse' quadrants. There is no other portfolio displaying 
DISCUSSION: CHARACTERISTICS OF AN EFFICIENT FRONTIER PORTFOLIO IN THE CRISIS PERIOD
Colombia and Israel experienced respective mean monthly losses of -0.04% (close to zero) and -0.67% in the crisis period, when the average mean monthly loss of other countries was -3.19%, so while they do not emerge from the crisis unscathed they suffer far less.
With respect to risk, measured by standard deviation of returns, both countries became relatively much less risky in the crisis period, Israel falling in risk from 18 th to become the 2 nd -safest out of the 31 countries, Colombia falling from the most risky country to 6 thsafest. As would be expected, both Colombia and Israel have relatively low correlations with other countries (average correlations of 0.63 and 0.65 respectively, being the 3 rd -and 4 th -lowest of all 31 countries). Interestingly, Pakistan has the lowest average correlation by a very wide margin and appears to be almost uncorrelated with any other country (average correlation of 0.074) but also has the 7 th -lowest average monthly return (-4.39%) and the 3 rd -highest variance (15.8%) of all 31 countries, and is therefore dominated in the analysis.
The optimisation procedure selects Colombia and Israel because, in the absence of short selling, their average return and covariance characteristics together mean that they dominate the optimal portfolios of any investor. That is, they can be characterised as 'safe havens' during the crisis.
We also observe that, while banks around the world struggled, Colombia's banking industry appeared to be thriving:
"While more and more banks around the world seek state bailouts, Colombia's largest bank voted on Monday to give shareholders a bigger share of last year's record net profit, and announced new investments. Bancolombia BIC.CN(CIB.N) shareholders approved a 9.9 percent increase in their yearly dividend at the bank's annual meeting." (Reuters March 2009) .
We speculate that the emergence of Israel and Columbia as safe havens is the result of the special characteristics of these economies.
Israel has favored trading status with many countries, including free trade agreements with Canada (implemented 1 January 2007) and the US (implemented 1 September 1985),
and an Association Agreement with the EU (implemented 1 June 2000) and receives substantial revenues from non-resident citizens. As a small economy with 'niche' markets,
Israel appears therefore to be relatively better-protected against crisis than other countries.
This raises issues of fundamental importance for policy makers, with strong implications in any climate in which trade protection for Israel might become subject to political debate. In particular, a weakening of trade links might expose Israel to significantly greater risk from events in financial markets. The existence of preferential trading arrangements may not lead per se to inelastic demand for Israeli products, but may certainly facilitate it, given potentially loyal markets. We speculate that a particular reason for the strength of Israel lies in 'diaspora support' -that is, the international Jewish community shows a loyalty to
Israel that may exceed that for any other ex-patriot group. The notion that diaspora may have economic significance in trade was suggested in seminal work by Rauch and Trindade (2002) for China and more recently by Felbermayr and Flach (2009) for Israel.
The idea has been developed further with respect to financial investment by Leblang (2010) who argues that transactions costs of investment are reduced by greater cultural ties, familiarity and home preference, by the emigrant population, noting that "New Zealand,
Ireland and Israel all have well-developed diaspora engagement strategies designed to encourage economic behavior on the part of their external citizens" (p. 588).
Unfortunately, while Leblang finds that diaspora networks contribute significantly to both portfolio investment and foreign direct investment, his results are not disaggregated and do not allow comparisons between Israel and other countries. We know of no work on the subject of diaspora home preference at times of crisis but agree with Leblang (2010) that this is a possible area for fruitful research.
In any event, the impact of Israel in our results is rather smaller than that of Colombia. The latter is more notably associated with illegal cocaine production and export than with any other economic sector. Proof is hard to find, but a potential reason for Colombia's relative immunity to the financial crisis may lie in the degree to which revenue from Colombian cocaine exports has been isolated from negative shocks to world consumption. This is a multi-billion dollar industry estimated by the US Drug Enforcement
Administration (2009) The analysis here has admittedly used a restricted sample of countries and we therefore do not wish to push the results too far. In particular, we need to know whether other safe havens would emerge from a wider sample and whether there are any barriers to capital flows that could reduce the ability of investors to make safe-haven investments -in this case Colombia (Israel floated the shekel freely in 2003 and has few capital controls).
First, given the strength of these results we would be surprised if wider sampling removed the observed safe haven status of Colombia and Israel; rather we wonder if other countries might also qualify. Our results therefore strongly suggest that it might be fruitful to search in particular for countries with preferential trading status (maybe with loyal 'diaspora' markets) or industrial production concentrated in output with inelastic world demand.
Second, already significant capital controls in Colombia were strengthened in May 2007 and again in 2008, requiring first 40% and then 50% of portfolio investments to be held as medium term deposits in the Colombian central bank. These increased control measures were introduced in response to perceived short-term capital inflows and appreciation of the Peso during the crisis. While controls may restrict opportunities for investment in normal times, this evidence suggests that may not be a serious issue in times of crisis. Although we can assume that the deterrent effect of such controls on international investment is high at 'normal' times, in particular because of barriers to quick withdrawal of capital for normal portfolio balancing, this deterrent effect may be substantially reduced when alternative international investments are in uniform danger of very serious and sustained loss. Thus, smaller economies with capital controls are more likely to be excluded from international investment portfolios at normal times (when free movement of capital is essential) even where they are less integrated/correlated with global markets, but their relative desirability may increase at times of crisis. Finally we observe that the search for safe haven countries has to be judged with respect to other risks than capital control (in particular political and military instability) but a complete analysis of all risks in all possible countries is beyond the scope of this paper.
SUMMARY AND CONCLUSION
In this paper we examine the possibility that particular countries could emerge as 'safe havens' for international investors during a period of crisis, looking at the recent global financial crisis in particular. An important reason for the identification of 'safe havens' lies in the observation that benefits to international diversification can be sharply reduced during times of crisis, because of an increase in international stock price co-movement (an increase in the cross-country correlation of stock returns), potentially made worse by recent trends towards financial globalisation. We argue that a 'safe haven' country is one whose GDP (and hence domestic stock prices) would be relatively unaffected by shocks to world consumption. We use a standard mean-variance optimisation procedure with constraints on short selling to derive efficient portfolio frontiers based on monthly returns to $US-denominated market indices of 31 developed, advanced-developing and developing stock markets.
The results show 'text-book' international diversification opportunities in the pre- 
Notes
1. The FTSE100 is a value-weighted index of the leading 100 UK shares by market capitalisation, jointly created by the Financial Times and the London Stock Exchange.
The Sharpe ratio for portfolio p is defined by
(see Reilly and Brown, 2006, for an introduction) . This is a commonly-used measure of portfolio performance in which the average portfolio return in excess of a risk-free rate of return is adjusted for portfolio risk (excess return to variability). Here we maximise the Sharpe ratio to find the asset weights of the tangency portfolio of the empirical capital market line.
3. The conversion function in Datastream uses cross rates (conversion through the British pound: Peso/Pound -Pound/Dollar) rather than direct conversion (Peso/Dollar) using
WMReuters historical rates, since data coverage is more thorough.
